Although female use of hormonal contraceptives (HCs) has been associated with a variety of physical side effects, the psychological and behavioral side effects have received comparatively little attention until recently. Indeed, the long-term impact of HC use on human psychology has been vastly under-researched and has only recently become a focus for mainstream scholars. Women who use HCs report higher rates of depression, reduced sexual functioning, and higher interest in short-term sexual relationships compared to their naturally-cycling counterparts. Also, HC use may alter women's ability to attract a mate, as well as the mate retention behaviors in both users and their romantic partners. Some evidence even suggests that HC use alters mate choice and may negatively affect sexual satisfaction in parous women, with potential effects on future offspring. Interestingly, HCs have become a standard method of population control for captive nonhuman primates, opening up exciting avenues for potential comparative research. Here, the existing literature on the psychobehavioral effects of HCs in humans and nonhuman primates is reviewed and discussed. The potential resulting downstream consequences for the path of human evolution and recommendations for how future research could tease apart the underlying causes of these psychobehavioral effects of HC use are discussed, including suggestions for research involving nonhuman primates.
Introduction
The hormonal contraceptive (HC) pill was first introduced in the United States in the early 1960's (Dugdale and Masi, 1971) and has since become a popular and effective method of avoiding unintended pregnancy. The introduction of safe, effective, and reliable contraception coincided with (and arguably led to) second-wave feminism, enabling women to assume formerly inaccessible roles in education, the arts, and the workforce (see discussion in Traulsen, Haugbølle, and Bissell, 2003) . In 2007 in the United Kingdom, 40-54% of women aged 16-34 and 27% of women under the age of 50 reported currently using Recently, researchers have documented negative effects on mood and psychological well-being as a consequence of HC use in women (Bancroft, Sanders, Warner, and Loudon, 1987; Herzberg and Coppen, 1970; Kahn and Halbreich, 2001 ; Kurshan and Epperson, 2006; Oinonen and Mazmanian, 2002) . DeSoto, Geary, Hoard, Sheldon, and Cooper (2003) found that women using HCs exhibited more symptoms of borderline personality disorder (BPD), a disorder characterized by a pervasive pattern of instability in affect regulation, impulse control, interpersonal relationships, and self-image (Lieb, Zanarini, Schmahl, Linehan, and Bohus, 2004) , and that women with high pre-existing levels of BPD symptoms became significantly worse after starting HC use (DeSoto et al., 2003) . Sanders, Graham, Bass, and Bancroft (2001) found that negative changes in emotional and sexual well-being were important predictors of discontinuation of oral contraceptives (see also Graham, Ramos, Bancroft, Maglaya, and Farley, 1995; Rosenberg and Waugh, 1998; Rosenberg, Waugh, and Meehan, 1995) , although HC users report experiencing less variability in affect across the menstrual cycle and less negative affect during menstruation (Oinonen and Mazmanian, 2002) . While women low in social anxiety are more likely to use oral contraceptives (Leary and Dobbins, 1983) , HC users describe higher rates of depression (e.g., Kulkarni, 2007) than normally cycling women. On the other hand, pairbonded (but not single) women report lower levels of intrasexual competition when using HCs as compared to when they are regularly cycling (Cobey, Klipping, and Buunk, 2013) . Oral contraceptive-using women also showed significantly attenuated cortisol responses to stressors compared to controls (Roche, King, Cohoon, and Lovallo, 2013) , with peak cortisol levels only slightly elevated above baseline levels (Kirschbaum, Pirke, and Hellhammer, 1995) . Therefore, HC use appears to interfere with the adrenocortical response to psychological stress by influencing the amount of bioavailable unbound cortisol (see also Kirschbaum, Kudielka, Gaab, Schommer, and Hellhammer, 1999) , although reports of affective responses to identical stressor tasks do not differ as a function of HC use (Marinari, Leshner, and Doyle, 1976) . Furthermore, Egarter, Topcuoglu, Imhof, and Huber (1999) found that a low-dose oral contraceptive actually improved patients' perceptions of their own quality of life (see also Caruso et al., 2011; Ernst, Baumgartner, Bauer, and Janssen, 2002) , highlighting the need for further research.
Consistent with research in humans, HCs also appear to alter the social behavior of nonhuman primates. Administering HCs to female macaques increases the frequency of contact aggression received or given, time spent in locomotion, activity levels, and the time spent sitting close to another animal, and decreases the time spent fearfully scanning (Henderson and Shively, 2004; Pazol, Wilson, and Whallen, 2004; Shively, 1998; Shively and Bethea, 2004; Shively, Manuck, Kaplan, and Koritnik, 1990; Shively et al., 2007) . For example, female long-tailed macaques on HCs behaved more aggressively toward subordinates in the presence of a male , but also received more contact aggression (Henderson and Shively, 2004 , see also Shively, 1998 , and Shively and Bethea, 2004 , for similar findings in female cynomolgus monkeys). In female lowland gorillas, Evolutionary Psychology -ISSN 1474-7049 -Volume 11(3). 2013.
-722-combined oral contraceptive pills appear to eliminate cyclic changes in aggressive and affiliative behavior, as well as any temporal trends in proximity to males (Sarfaty, Margulis, and Atsalis, 2012) . Similarly, hamadryas baboon females treated with melengestrol acetate engaged in fewer affiliative interactions, although there was no change in aggression (Portugal and Asa, 1995) . In cynomolgus monkeys, past HC use increases cardiovascular and hypothalamic-pituitary-adrenal (HPA) responses to stress in socially dominant females only, suggesting complex interactions with social hierarchies (Shively, 1998) . Experimental studies of this nature with nonhuman primates reinforce the concept that HC use changes social behavior and psychology, although some studies found little or no influence of HCs on some primate social behaviors, such as social grooming (de Vleeschouwer, van Elsacker, Leus, and Heistermann, 2000; Guy et al., 2008; Portugal and Asa, 1995; Steklis, Linn, Howard, Kling, and Tiger, 1982) . This research further provides experimenters with a method infrequently used in humans for ethical reasons, thereby providing valuable demonstrations of the experimental (versus correlational) effect of HCs on social behavior. HCs appear to influence sexual behavior, with reported or apparent reduced sexual functioning and interest in humans (Bancroft et al., 1987; Caruso et al., 2004; Graham et al., 1995; Sanders et al., 2001; Wallwiener et al., 2010 ; but see Caruso et al., 2005) and in other primates (Guy et al., 2008; Michael, Saayman, and Zumpe, 1968; Nadler, Dahl, Gould, and Collins, 1993; Shimizu, Takenoshita, Mitsunaga, and Nozaki, 1996; Steklis et al., 1982) . However, human female HC use is also associated with a greater number of reported sexual partners (Little, Jones, Penton-Voak, Burt, and Perrett, 2002) and significantly greater interest in engaging in short-term sexual relationships across all phases of the menstrual cycle (Guillermo, Manlove, Gray, Zava, and Marrs, 2010) , indicating that women who choose to use HCs may differ from others in their degree of sociosexuality. Still, whether a higher number of sexual partners is the cause or the consequence of the use of contraception is unknown. While it is possible that some other, unmeasured difference between women who choose to use or not use HCs may be driving these findings, these studies suggest the possibility that synthetic hormones administered via HCs may influence female psychology and behavior. In line with this suggestion, Nadler et al. (1993) found that copulations were reduced in chimpanzees when the females were administered HCs, but that the effect of HCs on copulation was directly related to the social and sexual relationship of the pairs during natural cycles. Chimpanzee pairs that were more compatible and who copulated more frequently prior to HC use continued to copulate while using HCs, albeit at reduced rates, whereas the less compatible and less frequently copulating pairs ceased copulating altogether. Similar to the aforementioned finding that HCs differentially influence stress responses based on dominance status (Shively, 1998) , Nadler et al.'s (1993) findings suggest that social factors may determine the degree of response to HCs on sexual behavior and may have comparative implications for human relationships.
Other behavioral effects of HCs have also been documented. Typically, gross electrical activity in the brain recorded via Electro Encephalography (EEG) changes with hormonal fluctuations over the menstrual cycle (Becker, Creutzfeldt, Schwibbe, and Wuttke, 1982; Gawali, Rokade, Janvale, and Mehrota, 2009; Soliz-Ortiz, Ramos, Arce, Guevara, and Corsi-Cabrera, 1994) . This physiological change is accompanied by an Evolutionary Psychology -ISSN 1474-7049 -Volume 11(3). 2013.
-723-increase in several performance task scores during the periovulatory period compared with the late luteal and early menstrual phases, but only in naturally-cycling women (Becker et al., 1982) . Interestingly, although some studies have found that HC users tend to outperform non-users in reaction time and short-term memory tasks across the cycle (Griksiene and Ruksenas, 2010) , higher doses of synthetic progesterone are associated with decreased information processing and verbal memory function, and increased fatigue (Freeman, Weinstock, Rickels, Sondheimer, and Coutifaris, 1992) . The full implications of these findings and whether analogous effects exist in nonhuman primates remain to be investigated.
Effects on Mate-Choice
HCs seem to, in some ways, limit women's ability to attract mates. In nonhuman primates, males of several species, including rhesus monkeys (Baum, Keverne, Everitt, Herbert, and De Greef, 1977b; Michael, Herbert, and Welegalla, 1967; Michael et al., 1968) , stumptail macaques (Linn and Steklis, 1990; Steklis et al., 1982) , hamadryas baboons (Guy et al., 2008) , and chimpanzees (Nadler et al., 1993) , are less likely to copulate with females that have been treated with synthetic progesterone or a combined HC. Crawford, Boulet, and Dreal (2011) found that male ring-tailed lemurs preferentially investigated the odorants of naturally-cycling over contracepted females, and that administration of the commonly used contraceptive medroxyprogesterone acetate to females altered the olfactory cues that signal their identity, fertility status, genetic quality, and relatedness. In humans, because men prefer ovulating women in situations where they can compare the attractiveness of different women's scents and facial attractiveness (Roberts et al., 2004) , the use of HCs may also influence a woman's attractiveness to men. Indeed, pill users and non-pill users do not differ in their overall odor attractiveness but, unlike in normally cycling women, the attractiveness of the odors of pill users do not depend on their menstrual cycle phase (Kuukasjärvi et al., 2004) . Additionally, although the voices of normally cycling women become more attractive near ovulation, potentially allowing women to be better able to attract high quality mates when fertility is high, this effect of changing vocal attractiveness is not observed in those using contraceptive pills (Pipitone and Gallup, 2008) . One study by Miller, Tybur, and Jordan (2007) looked at average earnings of lap-dancers and compared income in naturally-cycling women versus those using HCs at difference points in their cycles. Normally cycling lap dancers earned significantly more per shift during the fertile phase of their menstrual cycle than at other phases, while participants using contraceptive pills, by contrast, showed no earnings peak associated with cycle phase (Miller et al., 2007) . This is among the most direct current evidence for HC use disrupting women's attractiveness over the cycle, particularly given that real-life consumer spending on exotic dancers may more accurately reflect actual male mate choice decisions (and preferences) than hypothetical attractiveness laboratory-based judgments (Miller et al., 2007) , although effects of HC use in other attractiveness domains (e.g., changes in ornamentation, which changes as a function of fertility status in naturally-cycling women; Haselton, Mortezaie, Pillsworth, BleskeRechek, and Frederick, 2006) remain to be investigated. Critically, this research shows that oral contraceptives may remove the cyclicity of female attractiveness, which may substantially limit the ability of some women to draw the interest of attractive men of high genetic quality.
Preferences for men's traits vary over the ovulatory cycle in a potentially adaptive way in naturally-cycling women. Traits such as masculinity, symmetry, and dominance are thought to signal genetic quality in human males (reviewed in Gangestad and Thornhill, 2008) , making an increase in preferences for these traits at fertile periods in the cycle a potentially adaptive mechanism. Indeed, women's preferences for male facial masculinity (Johnston, Hagel, Franklin, Fink, and Grammer, 2001; Little, Jones, and DeBruine, 2008; Penton-Voak and Perrett, 2000; Penton-Voak et al., 1999) , masculine body shape (Little, Jones, and Burriss, 2007) , the odor of masculine men (Grammer, 1993; Havlíček, Roberts, and Flegr, 2005) , masculine voices (Feinberg et al., 2006; Puts, 2005) , and various nonphysical traits, such as dominant and intrasexually competitive behavior (Gangestad, Garver-Apgar, Simpson, and Cousins, 2007; Gangestad, Simpson, Cousins, Garver-Apgar, and Christensen, 2004; Lukaszewski and Roney, 2009 ) and creativity (Haselton and Miller, 2006) are highest near peak fertility. These cyclic changes in preferences could increase the likelihood of women mating with high genetic quality individuals, thereby maximizing the chances of offspring survival. Comparably, female rhesus monkeys display a higher visual preference for male rhesus monkey faces than for female rhesus monkey faces during the peri-ovulatory phase of their menstrual cycles compared to other phases (Lacreuse, MartinMalivel, Lange, and Herndon, 2007) , indicating an increase in attention to reproductively relevant stimuli during peak fertility.
Adaptive mechanisms at other points in women's menstrual cycles may have likewise evolved. During the luteal phase when conception risk is low and progesterone levels are high, preferences increase for facial self-resemblance (DeBruine, Jones, and Perrett, 2005) , apparent health in faces (Jones et al., 2005a (Jones et al., , 2005b , and attention to social stimuli (Miller, 2011) . These preference changes may function to promote affiliation with kin, healthy individuals, and those demonstrating positive social affiliation, respectively, prior to and during pregnancy when progesterone levels are also raised. Affiliation with kin, healthy individuals, and those demonstrating positive social regard during pregnancy would be extremely adaptive because it would reduce risks to both the mother and the fetus by limiting exposure to pathogens and by increasing association with individuals offering support. Certainly, progesterone level is positively associated with other behaviors that are potentially beneficial to offspring, such as maternal competence (i.e., the ability to effectively rear young), in nonhuman primates (reviewed in Maestripieri, 1999) .
It is likely that variation in preferences over the ovulatory cycle are governed by natural changes in hormone levels (e.g., Jones et al., 2008; Lacreuse et al., 2007; Welling et al., 2007) . Therefore, it is perhaps unsurprising that these possibly adaptive variations in preferences are largely absent in those reporting HC use (Gangestad et al., 2007; Guéguen, 2009; Johnston et al., 2001; Jones et al., 2005b; Laeng and Falkenberg, 2007; Little et al., 2007; Pawłowski and Jasienska, 2005; Penton-Voak et al., 1999; Puts, 2005 Puts, , 2006 Rosen and López, 2009) . As compared to normally cycling women, pill users show either weaker or no preferences for facial (Little et al., 2002; Penton-Voak et al., 1999) and vocal masculinity (Feinberg, DeBruine, Jones, and Little, Evolutionary Psychology -ISSN 1474 -7049 -Volume 11(3). 2013 . -725-2008 , and initiation of HC use actually decreases women's preferences for male facial masculinity (Little, Burriss, Petrie, Jones, and Roberts, in press ). For example, PentonVoak et al. (1999) found that, unlike naturally-cycling women, women using HCs showed no change in preference for masculinity in male faces over their cycles. Likewise, in contrast to non-pill users, pill users express neither a preference for the scents of symmetrical men (thought to be an honest signal of phenotypic and genetic quality in human males), nor a change in male scent preferences over the menstrual cycle , nor an attentional bias toward courtship language during the fertile (versus non-fertile) phase of their menstrual cycles (Rosen and López 2009) . Because of the potentially adaptive nature of ovulatory cycle shifts in preferences (Gangestad and Thornhill, 2008) , HCs that alter them may detrimentally influence mate preferences and mate choice (Alvergne and Lummaa, 2009; Havlíček and Roberts, 2009; Roberts, Gosling, Carter, and Petrie, 2008; Wedekind and Füri, 1997) . Perhaps the clearest evidence for this hypothesis comes from research on mate preferences for genetic complementarity at the major histocompatibility complex (MHC, also called human leukocyte antigen, or HLA; see Havlíček and Roberts, 2009 ), which appears to be important for primate fitness (Havlíček and Roberts, 2009; Sauermann et al., 2001; Schwensow, Eberle, and Sommer, 2008; Setchell and Huchard, 2010; Widdig et al., 2004) . Although evidence for preferences for the faces of MHC-dissimilar people is somewhat mixed (reviewed in Havlíček and Roberts, 2009), women not using HCs demonstrate adaptive preferences for the scent of MHC-dissimilar men, but women using the contraceptive pill preferred the smell of MHC-similar men (Wedekind and Füri, 1997; Wedekind, Seebeck, Bettens, and Paepke, 1995) . Following this work, Roberts et al. (2008) tested whether contraceptive pill use alters odor preferences using a longitudinal design in which women were tested before and after initiating pill use. Contrary to previous findings (Wedekind and Füri, 1997; Wedekind et al., 1995) , Roberts et al. (2008) found no significant difference in ratings between odors of MHC-dissimilar and MHC-similar men among naturally-cycling women. However, there was an effect of relationship status, with single women preferring the odors of MHC-similar men and women in relationships preferring the odors of MHC-dissimilar men. This suggests that paired females may seek to improve offspring quality through extra-pair partnerships (Roberts et al., 2008) . Nonetheless, there was a significant preference shift towards MHC-similarity associated with pill use across tests, which was not evident in a control group of nonusers. Together, these results suggest that, if odor plays a role in human mate choice, contraceptive pill use could disrupt adaptive disassortative mate preferences.
Effects on Current Romantic Relationships
Disruption of natural shifts in preferences (Gangestad et al., 2007; Guéguen, 2009; Johnston et al., 2001; Jones et al., 2005b; Laeng and Falkenberg, 2007; Little et al., 2007; Pawłowski and Jasienska, 2005; Penton-Voak et al., 1999; Puts, 2005 Puts, , 2006 Rosen and López, 2009 ) and shifts in attractiveness (Miller et al., 2007; Pipitone and Gallup, 2008) caused by HC use could lead to more or less conflict within a relationship. Although currently untested, it is possible, for example, that women using HCs will be less likely to establish long-term partnerships with masculine men, since HC users (compared to nonusers) show weaker preferences for male masculinity Little et al., 2002; Penton-Voak et al., 1999) . If true, this could theoretically lead to less relationship conflict because masculine traits in men are associated with negative personality characteristics (e.g., dishonesty; Perrett et al., 1998 ) that could have a negative influence on relationship quality. However, if HC use does have possible negative consequences for the romantic relationships of the user, perhaps because it leads women to select different partners than they would otherwise, one might expect to see links between HC use and negative relationship properties. Certainly, this appears to be the case: Use of HCs shifts preferences towards more MHC-similar mates (Roberts et al., 2008) , and women with relatively MHC-similar partners report increased interest in extra-pair relationships and reduced in-pair sexual satisfaction (Garver-Apgar, Gangestad, Thornhill, Miller, and Olp, 2006) . If subsequent cessation of HCs leads to a realignment of a woman's preferences and a reduction in attraction to her partner after a partnership has already formed, then the cessation of HCs could lead to relationship dissolution. Moreover, women who use HCs report more intense affective responses to partner infidelity and greater overall sexual jealousy than women who do not use HCs (Geary, DeSoto, Hoard, Skaggs Sheldon, and Cooper, 2001) , potentially because of the disruption of natural masculinity preferences (e.g., Penton-Voak et al., 1999) . Despite recent arguments that most of the side effects of hormonal contraception are a result of a psychological response to the practice of contraception and not actually due to hormonal influences (Robinson, Dowell, Pedulla, and McCauley, 2004 ), Cobey, Pollet, Roberts, and Buunk (2011) recently extended Geary et al.'s (2001) research by examining whether feelings of jealousy vary with the dose of synthetic hormones in combined oral contraceptives. They found that higher doses of synthetic estradiol, but not progestin, were associated with significantly higher levels of self-reported jealousy.
One hypothesized function of jealousy is that it generates behaviors that might function to maintain relationships by reducing the likelihood of a partner straying or being poached by a rival (e.g., Buss, 1988; Daly, Wilson, and Weghorst, 1982; Shackelford, Besser, and Goetz, 2008; Shackelford, Goetz, Buss, Euler, and Hoier, 2005) . Jealousy and other types of so-called "mate retention behaviors" can be assessed using the Mate Retention Inventory (MRI; Buss, 1988; Buss, Shackelford, and McKibbin, 2008) , which assesses the incidence of mate retention behaviors ranging from expressions of love to outright physical violence that can be directed at either romantic partners or potential romantic rivals. Scores on the MRI are positively related to relationship aggression and negatively related to marital satisfaction (as discussed in Buss et al., 2008) , demonstrating that incidence of mate retention behaviors has real-life consequences for romantic relationships. Because HC use may alter mate preferences (Alvergne and Lummaa, 2009; Havlíček and Roberts, 2009; Roberts et al., 2008; Wedekind and Füri, 1997) , potentially leading to relationship conflict and increased jealousy (Cobey et al., 2011; Geary et al., 2001) , Welling, Puts, Roberts, Little, and Burriss (2012) investigated the effects of HC use on reported mate retention behaviors in heterosexual women and their male partners, finding that HC users report more frequent use of mate retention tactics, specifically those directed at their partners. Also, men partnered with women using HCs report more frequent Evolutionary Psychology -ISSN 1474-7049 -Volume 11(3). 2013.
-727-use of mate retention behaviors in general than men with naturally-cycling partners. Finally, in line with previous findings (Cobey et al., 2011) , the dose of synthetic estradiol, but not of synthetic progesterone, predicted the frequency of mate retention behaviors among women using HCs (Welling et al., 2012) . Thus, HCs, particularly those high in synthetic estradiol, may influence intra-couple behavior that may affect the quality of romantic relationships.
Further evidence that HC use may affect interpersonal romantic relationships comes from Roberts et al.'s (2012) recent study, which tested for differences in relationship quality and dissolution between women who were using or not using oral contraceptives when they chose the partner who fathered their first child. They found that female oral contraceptive users (relative to non-users) scored lower on measures of sexual satisfaction and partner attraction, experienced decreasing sexual satisfaction during the relationship, and were more likely than their partner to be the one to initiate an eventual separation if it occurred. However, these same contraceptive-using women were less likely to separate from their partners overall and were more satisfied with their partner's financial provision than women who were not using contraceptives when they met the father of their first child . When taken with the findings that HCs suppress shifts in women's preferences for phenotypic indicators of men's genetic quality (e.g., Little et al., 2007) , these results suggest that oral contraceptive use could potentially lead women to choose different partners than they would otherwise, which may have wide-reaching impacts on relationship outcome, human reproductive behavior, sexual satisfaction, and the quality of family life. Certainly, although no such findings currently exist, experimental research on HC administration to monogamous nonhuman primates may shed particular light on these potential relationship issues.
Potential Consequences for Offspring
There may also be genetic issues to consider, aside from the slight increase in the possibility of fetal abnormalities for pill users (for a review, see Waller et al., 2010) . As suggested by Havlíček and Roberts (2009) , if HC use while forming relationships leads to a choice of partner that would otherwise not be preferred, low genetic compatibility between partners could result through the choice of MHC-similar mates. MHC similarity between partners can be associated with pre-eclampsia (Ooki et al., 2008) and low genetic compatibility between partners could influence the time taken to conceive a child (Havlíček and Roberts, 2009 ). Still, effects on the hypothetically-resulting homozygosity (a property of the offspring of parents who are MHC-similar) of fetuses and children is arguably even more important, since it extends further beyond the initial mate preference disruption. Although there are currently no studies investigating the direct effect of HC use on the homozygosity of pill users' offspring, homozygosity may influence the ability to reproduce. In rhesus macaques, MHC heterozygosity (the opposite of homozygosity) is positively related to the number of offspring produced (Sauermann et al., 2001; Widdig et al., 2004) . In humans, there is limited evidence that homozygous fetuses are more often aborted via spontaneous fetal abortion (reviewed in Beydoun and Saftlas, 2005; Ober, Hyslop, and Hauck, 1999; Reznikoff-Etievant et al., 1991) and offspring homozygosity is Evolutionary Psychology -ISSN 1474-7049 -Volume 11(3). 2013.
-728-associated with reduced birthweight (Reznikoff-Etievant et al., 1991) , which may influence the offspring's eventual health and reproductive success (Lummaa and Clutton-Brock, 2002) . Roberts et al. (2005) also predicted that surviving human offspring of pill users will be more homozygous, which may be related to impaired immune function and decreased perceived health and attractiveness. However, it is important to note that none of these studies directly tests for the impact of HC use on offspring health and success in either human or nonhuman primates. If commencement or cessation of HCs influences relationship quality and stability (Havlíček and Roberts, 2009; Roberts et al., 2012; Vollrath and Milinski, 1995; Welling et al., 2012) , what might the possible consequences be for potential offspring? Conflict in the family environment, including between parents, can have an impact on offspring emotional, social, and physical well-being. Belsky, Steinberg, and Draper (1991) predicted that early childhood family-related stress would be associated with behavioral problems, early puberty, precocious sexual behavior, and unstable pair bonds and limited investment in children in adulthood. Consistent with these predictions, Kim (1998) found that earlier menarche in women and earlier spermarche in men was associated with parental conflict and earlier age at dating for both sexes (see also Kim and Smith, 1999; Moffitt, Caspi, Belsky, and Silva, 1992) . Other research has found relationships between unfavorable childhood environments and number of deceased siblings (Bereczkei and Csanaky, 2001) as well as marital problems later in life (Bereczkei and Csanaky, 1996) . Therefore, if commencement or cessation of HCs negatively influences relationship quality/stability, then it could also influence the experiences of potential children that are born into those relationships. Importantly, however, there is currently no research that directly tests or finds this association. Accordingly, any predicted associations between pill use and negative family environment, offspring homozygosity, offspring health or attractiveness, and offspring reproductive success are largely speculative and should be treated with due caution.
Conclusions and Future Directions
The above research suggests that HC use has consequences for women's physical (e.g., Burkman, 2001; Hannaford and Kay, 1998; Heinemann et al., 1998; Kemmeren et al., 2002) and mental well-being (DeSoto et al., 2003; Leary and Dobbins, 1983; Sanders et al., 2001) , disrupts potentially adaptive changes in women's preferences (Gangestad et al., 2007; Johnston et al., 2001; Jones et al., 2005b; Little et al., 2007; Pawłowski and Jasienska, 2005; Penton-Voak et al., 1999; Puts, 2006; Rosen and López, 2009) , limits women's ability to attract mates (Miller et al., 2007; Pipitone and Gallup, 2008) , and may have negative consequences for relationship satisfaction (Cobey et al., 2011; Geary et al., 2001; Roberts et al., 2012; Welling et al., 2012) and partner choice (e.g., Roberts et al., 2008 Roberts et al., , 2012 . However, given that investigations into the psychobehavioral effects of HC use are fairly recent, much of the research exploring these issues is correlational and tentative. Further studies, particularly ones using within-subject designs and cross-cultural (non-Western) comparisons, are needed. Moreover, additional retrospective research on HC instigation or cessation before or during a long-term relationship could provide needed insight into the impact of HCs on women's psychosocial behavior and mating decisions.
Despite some investigators' attempts at controlling for potential differences between pill users and non-users, more research on whether general differences between those using and not using HCs account for the above effects is warranted. As mentioned by Roberts et al. (2012) , perhaps the most effective way to experimentally demonstrate effects of HC use (as opposed to HC-related confounds) would be to employ a placebo-controlled double-blind study with random assignment to either a contraceptive pill or placebo, using non-hormonal birth control for both groups to minimize ethical considerations. However, an alternative and potentially simpler way to look for evidence of psychobehavioral changes, such as changes in mating strategy, mate guarding, preferences, and ability to attract partners, would be to test for effects of HC use on nonhuman primates. Some evidence suggests that synthetic ovarian steroids can modulate the expression of nonhuman female primates' proceptive behavior (e.g., Baum, 1983; Baum, Everitt, Herbert, and Keverne, 1977a; Trimble and Herbert, 1968) , can reduce their ability to attract mates (e.g., Guy et al., 2008; Linn and Steklis, 1990) , and can abolish or significantly reduce the cyclic increase in female anogenital swelling (Bettinger et al., 1997; Bourry et al., 2005; Nadler, Dahl, Collins, and Gould, 1992; Nadler et al., 1993; Portugal and Asa, 1995) . Other research on female lowland gorillas (Sarfaty et al., 2012) and chimpanzees (Nadler et al., 1993) Currently, it is unclear whether HCs influence actual mate choice and whether this has real-life consequences for potential offspring. Although HC use may negatively affect intra-couple behavior (Cobey et al., 2011 (Cobey et al., , 2012 Havlíček and Roberts, 2009; Roberts et al., 2012; Vollrath and Milinski, 1995; Welling et al., 2012) and may alter preferences for MHC heterozygosity (Havlíček and Roberts, 2009; Roberts et al., 2008; Wedekind et al., 1995; Wedekind and Füri, 1997) , which could hypothetically have negative consequences for future offspring (e.g., Reznikoff-Etievant et al., 1991) , direct empirical evidence for these theoretical longitudinal consequences of HC use is lacking. Additionally, although there is some evidence that laboratory-tested mate preferences may reflect real-life mate choices , supporting evidence that preferences in naturally-cycling women reflect real partner choice, and that HC use disrupts natural preferences, is desirable. Finally, no studies have looked at long-term effects of HC use as it relates to offspring health, offspring physical and behavioral traits, and/or offspring mating strategies in any primate species.
In closing, it should be noted that although a full and complete understanding of the potential effects of hormonal contraceptive use on physiology, psychology, and behavior is incredibly important, any effects should be weighed against the multiple benefits that the revolutionary invention of HCs has brought. Effective contraceptive methods have given women control over their fertility that is unprecedented and has aided in many personal and economic achievements for women (Goldin and Katz, 2002) . Regardless, future independent and comparative research on the psychological and behavioral effects of HC
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